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4 MW system level test bench — Overview
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Grid Emulator

Power-Electronic Based

* Interleaved medium-voltage converters

IA—Igc

Active grid
Front-End
(AFE)

* Programmable short-circuit impedance

« Key specification

Parameter Value E Cr I E MYV converter
H ; 3L NPC

Nominal PCC voltage 20 kV
Nominal PCC power D 6 MVA
Voltage THD @ nominal voltage <5%
Frequency 50 Hz & 60 Hz

1) Short-time overload possible
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Fault Ride Through (FRT-)Tests

Advantage of the power-

) . wind
electronic-based grid ne
emulator:
« Capability to generate random
voltage dips
. F_’OSSIIC_)IlIty tq combine with a real FRT container
time simulation for a PHIL setup
1 MZ
. l T ! d
' T ) win
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Converter based FRT dip
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Connection of the Real Time Simulator

Overview of the connection of the real time simulator
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Project FVA Nacelle
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= BMWi — 6. Energieforschungsprogramm
= Duration: 1.1.2015 — 31.12.2017
= VVolume ~ 6 Mio. €

CWD s | I
FVA > SIEMENS

FVA

10 of 20 Grid emulation at CWD | Anica Berthold & Nurhan Rizqy Averous |

CWD-ACSIPGS | 25.04.2017 Cm Gentor for
Wind Power
Drives




Agenda

Center for Wind Power Drives
Setup Overview
Tests with Research Turbine

Summary

11 of 20 Grid emulation at CWD | Anica Berthold & Nurhan Rizqy Averous |
CWD-ACS/PGS | 25.04.2017

CWD

Center for
Wind Power
Drives




FVA Nacelle

Electrical Drivetrain

Parameter Value

Tu:biﬁe Contvelﬁer Nominal power 3.06 MVA
— 690 V 20 kV ) )
Ly Nominal active power 2.75 MW
LVRT SDLWindV 2009
Dt Nominal generator speed 1100 rpm
Nominal generator torque 24.7 kKNm

MSC GSC Grid filter

» Low-voltage full-converter concept

 Asynchronous generator
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FRT Tests according to FGW TR3

- Fault Depth | Fault Duration
\Y/AY
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- <0.05 >150 | —t— :
> :
> >l *
0.45 -0.55 = 950 i I :
+- 0,
0.70 — 0.80 = 1400 * S
Time

Tolerance of the FRT voltage sag according to IEC 61400-21

RWTHAACHEN
UNIVERSITY
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Test Results

No-Load Tests

Voltage quality
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Test Results

No-Load Tests

Voltage quality Voltage dips
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Test Results

Fault-Ride-Through (FRT) Tests

5% symmetrical voltage dip

1.5

1

}ﬁ*«*fa"a"n*a*&”.\'&’a"a‘;’i"a"«'q

pce voltage in pu
o

5 5.1

5.2

5.3

5.4

5.5 5.6

transformer current in pu
(==}
_—

]

f]‘ Pt TN S '.;'\:.-::.,k‘

5 5.1

5.2 5.3 5.4 5.5 5.6

time in s

generator torque in kNm gen. speed in rpm

de-link voltage in kV

1200

1150

1100

1050

30
DI S
22 . . ‘ ‘ :
minimum influence on the shaft
2 : : . : : |
5 5.1 5.2 5.3 5.4 5.5 5.6
1.5
0.5 : : : : :
5 5.1 5.2 5.3 5.4 5.5 5.6

16 of 20

Grid emulation at CWD | Anica Berthold & Nurhan Rizqy Averous |

CWD-ACS/PGS | 25.04.2017

Center for
Wind Power
Drives



Test Results

DUT Trafo saturation

- Due to an abrupt voltage change 2 |
- Depending on the fault-voltage : ””””””””'
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Summary

* Power-electronics-based grid emulator in operation

« RTDS will be integrated for a PHIL setup. Distance between RTDS and test
bench is the main challenge.

« Successfully conducted LVRT test on the newly developed research turbine
according to the standard

« Transformer saturation observed depending on the applied voltage waveform

RWTH

19 of 20 Grid emulation at CWD | Anica Berthold & Nurhan Rizqy Averous |
CWD-ACSIPGS | 25.04.2017 Cm Center for
Wind Power
Drives



Contacts

Center for Wind Power Drives E.ON Energy Research Center
RWTH Aachen University RWTH Aachen University
Campus-Boulevard 61 Mathieustral3e 10
52074 Aachen 52074 Aachen
Germany Germany

R\WNTH

Center for
Wind Power
Drives



	Agenda 
	Center for Wind Power Drives 
	Agenda 
	4 MW system level test bench – Overview
	Grid Emulator 
	Fault Ride Through (FRT-)Tests 
	Connection of the Real Time Simulator 
	Project FVA Nacelle 
	 FVA Nacelle 
	FRT Tests according to FGW TR3 
	Test Results 
	Summary 
	Contacts 

